Introduction 35
Out-of-box elimination is cited as the number one behavioral reason owners relinquish cats to shelters 36 (Salman, et al., 2000) . Once in a shelter, "behavioral abnormalities" (primarily out-of-box elimination) 37 has been cited as the number one behavioral reason cats are selected for euthanasia (Gorodetsky, 38 1997 ). There are an estimated 74.1 million pet cats in the United States (Shepherd, 2012), 8.8 million pet 39 cats in Canada (Canadian Animal Health Institute, 2012), and 97.6 million pet cats in Europe (FEDIAF, 40 2014) . It is estimated that 10% of pet cats have exhibited an elimination behavior problem at some point 41 in their lifetime (Borchelt and Voith, 1986) . If the factors contributing to the exhibition of out-of-box 42 elimination can be better understood, there is the potential to help reduce the number of cats being 43 relinquished to and euthanized in shelters. 44
45
The term "cat elimination" can refer to both scent marking and toileting. Both behaviors are not only 46 forms of eliminating waste, but also have a communicative function. However, the intentionality of this 47 communication is quite different. Scent marking is a type of signal, which is a specific and deliberate 48 message intended to influence the behavior of the receiver (Lehmann et al., 2014) . Assuming a signal is 49 honest (e.g., scent mark claiming territory), a change in behavior in response to the signal (e.g., potential
A c c e p t e d M a n u s c r i p t decreased when Zero Odor litter box spray (an odor elimination product) is used. It is assumed, that if 75 aversive litter box factors can be reduced, and preferred litter box factors can be increased, 76
inappropriate toilet behavior will diminish or cease altogether. 77 78 Notably, most of these studies are conducted in singly housed cats, and few consider how the complex 79 dynamic of the multi-cat environment can contribute to inappropriate toileting. The most common 80 recommendation for reducing inappropriate toileting is frequent litter box cleaning (Neilson, 2004) . It is 81 reasonable to assume frequent removal of waste is a key part of encouraging proper litter box use, and 82 its importance should not be undervalued. However, it is likely that there are other environmental and 83 social factors which contribute to the exhibition of out-of-box elimination, especially in a multi-cat 84 household. It is common for feline behaviorists to recommend that people with multi-cat households 85 provide n+1 litter boxes, where n=the number of cats, and to ensure that these litter boxes are spaced 86 throughout the house instead of placed next to each other (Neilson, 2004) . It is often unclear if this 87 suggestion is intended to merely accommodate the increased amount of eliminated materials, or if it 88 implies that cats do not like to share litter boxes. Investigation of whether cats are averse to litter boxes 89 previously used by another individual has never been conducted. Approximately 30% of households in 90 the USA have a cat, and of those households, the average number of cats per household is 2.1 91 (Shepherd, 2012) . If the cats are averse to sharing litter boxes, these statistics suggest there could be 92 millions of cats impacted in this country alone. Understanding the factors influencing the association 93 between inter-cat relationships and out-of-box elimination could be key in developing solutions in 94 affected households. 95
96
Considering the link between out-of-box elimination and the relinquishment of cats to shelters, there is 97 a notable lack of research investigating litter box appeal in multi-cat households. The current study aims Litter box preferences were investigated using healthy, spayed or neutered cats between 1-12 years of 107 age, none of which regularly exhibited elimination problems (e.g., out-of-box elimination). All cats were 108 domestic shorthairs, born and raised at the Nestlé Purina PetCare facility in Missouri, USA. For each test, 109 an attempt was made to employ an equal number of male and female cats. For research questions in 110 which it is specified that two cats are familiar with each other (i.e., Objectives 1 and 2), cats were 111 defined as familiar if they spent at least four hours per day in the same social group when not on test. 112
These social groups were stable and experienced limited agonistic encounters. No attempt was made to 113 determine the hierarchical relationships within these groups. During data collection cats were housed in 114 individual enclosures (l x w x h; 1.4 x 1.4 x 2.5 m), with visual access to other cats and the outdoors. 115
Additionally, all cats were socialized in activity rooms (12.1 x 2.1 x 2.5 m) in their pre-established 116 playgroups of 7-8 compatible cats for 2-3 hours each day, and received regular individual interaction 117 with human caregivers. Cats were fed once daily (between 0900 hr and 1100 hr), a complete and 118 balanced diet in quantity necessary to keep them in optimal body condition. The aim of this second Objective, was to isolate the odor of urine and feces from the physical/visual 160 obstruction it presents, in order to investigate the influence of odor alone on litter box preferences. The 161 research questions were designed to investigate the impact of urine odor (Question 1), the impact of 162 fecal odor (Question 2), the impact of a combination of urine and fecal odor (Question 3), and if cats' 163 litter box preferences differ between urine odor and fecal odor (Question 4). In order to create the 164 treatment conditions required for these questions, it was necessary to craft three substances: 1) a liquid 165 that has the odor of the urine of a familiar cat, but is small enough in volume to avoid making large litter 166 clumps, 2), a liquid that smells like feces from a familiar cat, but does not leave large clumps or log-like 167 obstructions, and 3) a control treatment that has the same properties as substances 1 and 2, but 168 without any odor. In order to generate substances 1 and 2, urine and feces were collected from one 169 male cat per social group in the 48 hours prior to the test period. Substance 1 simply consisted of 1ml of The aim of this third Objective, was to isolate the physical/visual obstruction presented by urine and 175 feces from the odor of these substances, in order to investigate the influence physical/visual 176 obstructions have on litter box preferences. The research questions were designed to investigate the 177 impact of faux-urine clumps (Question 1), the impact of faux-fecal matter (Question 2), the impact of a 178 combination of faux-urine clumps and faux-fecal matter (Question 3), and if cats' litter box preferences 179 differ between the obstructions presented by faux-urine clumps and faux-fecal matter (Question 4). In 180 order to create the treatment conditions required for these questions, it was necessary to craft two 181 substances: 1) a liquid capable of forming litter clumps that have the obstructive properties of urine 182
clumps, but not the odor, and 2), log-like obstructions that have the obstructive properties of fecal logs, 183 but not the odor. Saline solution (25ml-small clumps, 60ml-large clumps) was used as substance 1. 184
Unflavored gelatin (Knox Gelatin, E.D. Smith Foods) was formed into the basic shape of actual fecal 185 obstructions using silicone molds (7.25"L x 0.5"W) to create substance 2. Base litter alone (no 186 obstructions) served as the control. The experiments designed to assess Objective 3 were conducted at 187 two levels, mimicking 1) sharing a house with 1 small cat (1 25ml saline or 1 gelatin log), or 2) sharing a 188 house with 3 large cats (3 60ml saline clumps or 3 gelatin logs). 
Results 203
For all research questions, estimates and P-values are provided in Table 2 . In summary, cats preferred to 204 both urinate and defecate in a clean litter box to one containing urine and feces from a familiar cat. 205
However, when presented with a litter box containing the urine and feces produced by themselves or a 206 litter box containing urine and feces from a familiar cat, cats showed no significant preference when 207 either urinating or defecating. Similarly, when presented with a litter box containing only the odor of 208 urine, feces, or a combination of urine and feces from a familiar cat, cats showed no significant 209 preference for where to either urinate or defecate. However, when presented with a litter box 210 containing substances mimicking only the physical/visual obstruction of urine, feces, or a combination of 211 urine and feces, some preferences emerged. Cats preferred a clean litter box in all cases in which this 212 was presented as an option, except one (no significant preference was exhibited for which box to use for 213 defecation, when presented with a clean litter box or a litter box with 1 faux-fecal gelatin log). When 214 presented with a litter box containing faux-urine clumps or one containing faux-fecal logs, cats preferred 215 to eliminate on the faux-fecal logs whether urinating or defecating, at the 1-cat level or 3-cat level. 216
217
No out-of-box elimination was exhibited at all during the study. The relationship of the cats in the current study is another important factor to consider when reasoning 260 why there was no evidence for litter box aversion as a result of the odor of urine and/or feces of a 261 familiar cat in the litter box. Agonistic interactions (whether overt or subtle) were very rare within the 262 groups of cats. If cats were able to match any cue in the urine or feces of a familiar cat with its donor, it 263 is entirely possible that the cat receiving this message simply did not perceive it as a threat, since it 264 came from a cat with which they were unlikely to enter into an agonistic interaction. Future studies 265 investigating how the odor of a familiar cat influences box choices in pairs known to have less positive users. However, if this hypothesis was to match the findings of Macdonald (1980), it would be expected 284 that this aversion would be stronger for the faux-fecal logs than for the faux-urine clumps, and this was 285 not the case. It is likely that aversion to litter boxes with physical/visual obstructions was due to the 286 increased difficulty in expressing the behaviors in their natural elimination sequence, such as digging 287 which is hypothesized to deliver some tactile/kinesthetic feedback from the paws (Borchelt and Voith, 288 1986 ). It has also been suggested that aversion to litter boxes with physical/visual obstructions mayA c c e p t e d M a n u s c r i p t result from a cat's previous experience with soiling its paws while using a litter box containing diarrhea 290 (Borchelt and Voith, 1986) . 291
292
The findings of this study lend no support to the idea that cats are averse to sharing litter boxes. Cats 293 seemed deterred by physical/visual obstructions, but the identity of the cat that produced these 294 obstructions did not seem relevant. However, these findings reemphasize the importance of regular 295 litter box maintenance as the key factor in promoting proper litter box use. 296 297 298
Conclusions 299
Cats prefer to eliminate in unused litter boxes over used litter boxes. However, this does not appear to 300 result from signals communicated chemically, as the identity of the previous user had no impact on box 301 use. It is important to note that these were all familiar users which had little to no agonistic interactions. 302
It is possible that urine or feces from unfamiliar individuals might elicit different responses, but this 303 would not really be representative of the conditions in a multi-cat household. It is also possible that 304 urine or feces from individuals with whom they experience particular inter-cat aggression might also 305 elicit different responses. This scenario may accurately describe the conditions in a multi-cat household. 306
Further investigation of this scenario may be revealing. The preference to eliminate in unused litter 307 boxes also does not appear to be influenced by malodor, as the presence of the odor of urine or feces 308 did not result in a preference over a control litter box. Elimination preferences do appear to be 309 influenced by physical/visual obstructions. Cats preferentially avoid litter boxes with obstructions, faux-310 fecal obstructions were preferred to faux-urine clumps, and results intensify as amount of obstruction 311 increases. It is likely that this aversion to physical/visual obstructions was due to the increased difficulty 312 in expressing the behaviors in their natural elimination sequence. Results emphasize the importance ofM a n u s c r i p t 
